those with lower alcohol use had more worry about hypoglycemia; and better glycemic control was associated with better diabetes management.
Conclusions
Health care professionals need to understand how multiple factors related to worry about hypoglycemia and diabetes management interact in emerging adults. In the context of depressive symptoms, impulse control, alcohol use, and hypoglycemia-related WCB, the path model results suggest several potential avenues for intervening to improve glycemic control in emerging adults. W orry about hypoglycemia associated with hypoglycemic events and blood glucose variability 1 is an issue for all persons with type 1 diabetes, but may be particularly important in youth with type 1 diabetes during their emerging adulthood years, 18 to 25 or more years of age. 2 Hypoglycemia is a significant problem for youth with diabetes; severe hypoglycemic events, that is, when assistance is needed or there is a loss of consciousness, have been reported for 44% of youth 5 to 25 years of age, with older youth reporting more severe events than younger ones. 3 Worry about hypoglycemia may be especially salient during emerging adulthood, when youth rely on themselves for their own diabetes management, 4 in contrast to earlier times when parents are more involved. 5 In addition, alcohol use and weight control behaviors (WCB), also associated with glycemic control, 6, 7 are relatively common for this age group, 8, 9 and youth with diabetes are also involved in such behaviors. 6, 10, 11 No known published study has examined worry about hypoglycemia and diabetes management within the context of other common health behaviors for emerging adults with diabetes.
Although diabetes management, worry about hypoglycemia, and glycemic control are associated, the nature of these relationships is not clear. 1 Some have hypothesized that high levels of hypoglycemia worry lead to "over-compensating" management behaviors intended to maintain high glucose levels. 1 In other words, hypoglycemia avoidance may be given greater priority in diabetesrelated decision making than maintenance of normal blood glucose. However, the over-compensation theory has limited supporting evidence 1 and leaves behaviors unexplained for this age group. An alternative theory would be that worry about hypoglycemia would provide an incentive for these emerging adults to practice good diabetes management. Since emerging adulthood is a time for independence, 2 and emerging adults with diabetes are highly autonomous in their diabetes care, 4 exercising control over their diabetes management would provide an opportunity for them to deal with their hypoglycemia worries. Thus, it is likely that among emerging adults with diabetes, more worry about hypoglycemia leads to better diabetes management, and consistent with existing evidence, 12 better management in turn will be associated with better glycemic control (see Figure 1 ).
Other common health behaviors such as alcohol use and WCB among emerging adults with type 1 diabetes may influence worry about hypoglycemia. Alcohol consumption is associated with hypoglycemic events 13 and reduced hypoglycemia awareness, 14 which is also associated with increased risk for hypoglycemia 15 among youth with diabetes. Based on that evidence, we hypothesize that alcohol use directly influences worry about hypoglycemia. Disordered eating is commonly associated with changes in glycemic control in the short term 16 and specifically with hyperglycemia. 17 However, some WCB such as skipping meals are associated with severe hypoglycemic events. 18 It is likely that engaging in hypoglycemia-related WCB may be associated with worry about hypoglycemia. Given that there is insufficient evidence to hypothesize a path for hypoglycemia-related WCB directly influencing worry about hypoglycemia, but recognizing the potential association between WCB and worry about hypoglycemia, we hypothesize an associational relationship between hypoglycemia-related WCB and worry about hypoglycemia. In addition, diabetes management involves adjustment of diabetes regimen behaviors based on daily life situations, and thus, it is likely that poor diabetes management occurs when alcohol is consumed or when there are attempts to control weight with hypoglycemia-related behaviors (see Figure 1 ).
When examining alcohol use and unhealthy WCB, it is important to take into consideration depressive symptoms and impulse control. Depressive symptoms are associated with alcohol use 19 and unhealthy WCB among youth in general. 20 Among youth with diabetes, depressive symptoms are linked with disordered eating behaviors. 17 Impulse control, the ability to delay immediate gratification to achieve goals, 21 is important because it is associated with maturation of the prefrontal cortex during emerging adulthood, 21 and poor impulse control is associated with risk-taking behaviors. 21 Among youth with diabetes, important for diabetes management is cognitive functioning 22, 23 and impulse control specifically. 24 Thus, it is likely that depressive symptoms are associated with hypoglycemia-related WCB, alcohol use, and more worry about hypoglycemia, whereas poor impulse control is associated with alcohol use, hypoglycemia-related WCB, and poor diabetes management (see Figure 1 ). Little is known about diabetes-specific and typical youth behaviors in relation to worry about hypoglycemia, diabetes management, and glycemic control. Given the roles that these variables play in glycemic control, it is important to understand how they may directly influence each other, and especially the role that worry about hypoglycemia may play as a mediator of those other factors affecting diabetes management. Thus, the purpose of this study was to examine a theoretically derived path model, delineated in Figure 1 , of associations among worry about hypoglycemia, diabetes management, and glycemic control within the context of alcohol use, hypoglycemia-related WCB, depressive symptoms, and impulse control in emerging adults with type 1 diabetes. Among emerging adults with type 1 diabetes at the time of high school graduation, it is hypothesized that:
Hypothesis 1: Greater worry about hypoglycemia will be directly associated with better diabetes management and subsequently with better glycemic control. Hypothesis 2: Greater alcohol use will be directly associated with more worry about hypoglycemia and with poorer diabetes management. Hypothesis 3: Greater involvement in hypoglycemic-related weight control behaviors will directly be associated with more worry about hypoglycemia and with poorer diabetes management. Hypothesis 4: More depressive symptoms will be directly associated with greater alcohol use, greater hypoglycemic-related weight control behaviors, and more worry about hypoglycemia. Hypothesis 5: Less impulse control will be directly associated with greater alcohol use and greater hypoglycemic-related weight control behaviors and indirectly with poorer glycemic control, mediated by diabetes management.
Methods Design
This study had a correlational design, specifically model testing 25 of a priori specified relationships among variables, which in this case are worry about hypoglycemic, diabetes management, and glycemic control within the context of alcohol use, hypoglycemic-related WCB, impulse control, and depressive symptoms. Model testing allows for examination of complex relationships among variables, identifying direct and indirect influences. For example, model testing allowed for testing the hypothesis that worry about hypoglycemia directly influences diabetes management as well as testing that worry about hypoglycemia indirectly influences glycemic control through diabetes management, often called a mediating effect. The purpose of this study is consistent with a major aim in the larger study examining individual characteristics associated with behaviors and health outcomes during the transition to young adulthood among youth with type 1 diabetes. In addition, the sample was high school graduates, a subset of the larger study sample, in attempt to control for a major transitional event 26 and to reflect a relatively non-high-risk group of youth for which WCB would be salient. Reports of other purposes examined in this larger study have been described elsewhere.
4,24,27-30

Participants and Procedure
The larger study consisted of high school seniors with type 1 diabetes who were recruited from outpatient diabetes care clinics of a regional university medical center, a private hospital, and a regional diabetes care center. There was an 83% recruitment rate among the potential pool of participants contacted, with lack of interest, being busy, and a wish not to release private health information the reasons for declining. After receiving a brief study summary from their health care provider, participants were enrolled either face to face at a clinic appointment or via the telephone. Eligible participants met the following criteria: 17 to 19 years of age, in the last 6 months of high school, diagnosed with type 1 diabetes for at least 1 year, able to speak and read English, living with their parent(s) or guardian, and without a serious psychiatric disorder or a second chronic illness that would interfere with becoming independent. Then, youth 18 years of age or older provided consent, and those under 18 years of age provided assent and parents provided consent in this Institutional Review Board-approved study. There was a 91% participation rate after screening and enrollment with 16 not completing baseline questionnaires, 2 requesting to be withdrawn from the study, and 2 not being able to be contacted by study staff. A greater number of males than females did not participate (P < .05).
Measures
Web-based entry, with a paper option, was the means for collecting data from participants on most of the measures.
Glycemic control was assessed by using A1Cs obtained from medical records from the health care provider. Because different assays were used by various centers, adjusted A1C values were calculated by taking the original A1C value and subtracting the assay-specific bias value as determined by the College of American Pathologists (CAP) survey data. 31 Diabetes management was measured by the 24-item Emerging Adult Diabetes Management Self-Report, developed for this study. This measure was an adaptation of the Diabetes Self-Management Profile (DSMP) interview 32 for self-completion on the Web. Participants were asked to respond to how often in the last 3 months they had managed their diabetes (performing tasks and making changes in specific situations related to diet, exercise, blood glucose testing, insulin administration, and hypoglycemia). The scores could range from 0 to 84, with higher scores indicating better management. In accordance with the developers' suggestion, 32 only the summed score for total diabetes management, which had adequate reliability, was used. The Cronbach's alpha coefficient was .76 in the original study, 32 .82 in the recently adapted self-report by the developers, 33 and .81 in this study. Worry about hypoglycemia was measured by the worry subscale of the Fear of Hypoglycemia Scale, which has documented reliability and validity. 34 The scale was revised from 17 to 18 items for this study. One item was separated into 2 items because, at least for this age group, being drunk and being stupid could be thought of as different states. Participants were asked to rate how often worries occur from 1 (never) to 5 (very often). The responses were summed for a total score with a potential range of 18 to 90 and with higher scores reflecting more worry. The scale was developed with adolescents and adults with type 1 diabetes and has a fourth-to fifth-grade reading level. The Cronbach's alpha coefficient with this sample was .93.
Alcohol use was assessed with a revised item from the Health Behavior Questionnaire. 35 Rather than asking within the last 6 months, participants were asked how often they had used alcohol during the last 3 months; the response options were not at all, once or twice in past 3 months, 2 to 3 times in past 3 months, about once a month, 2 or 3 days a month, once a week, 2 or 3 days a week, 4 or 5 days a week, and every day. Because alcohol use was minimal in this sample, a categorical variable of either being involved (1) or not (0) in alcohol use was calculated and used in the analysis.
Hypoglycemia-related weight control behaviors were measured by 6 items from the Project AHEAD Questionnaire. 36 A panel of experts in diabetes and youth identified items associated with glycemic changes: fasting, eating little food, skipping meals, exercising, skipping insulin dose, and taking less insulin than prescribed. Participants in this study were asked to respond yes or no to whether they had participated in each of these behaviors in the past 3 months. Those that tend to raise blood glucose levels were reversed scored. A summed score of these 6 WCB was used in the analysis.
Depressive symptoms were measured by the Beck Depression Inventory-Second Edition (BDI-II), demonstrated to have validity and reliability. 37 The scale assesses the existence and severity of depressive symptoms as defined by the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV). Participants were asked to rate their experience of the symptoms on a scale from 0 to 3. Summed scores provide a range of 0 to 63, with scores of 14 to 19 considered to be mild, 20 to 28 moderate, and 29 to 63 severe. Because reported depressive symptoms were low in this sample, a categorical variable of having depressive symptoms (score of 14 or greater) or not (score less than 14) was calculated. The Cronbach's alpha for this sample was .92.
Impulse control was measured by the 11-item Impulse Control subscale of the Self-regulation Questionnaire, developed with emerging adults. 38 This scale measures inhibitory control to decisions, plans, and actions. Respondents were asked to indicate the degree to which each statement described them from 1 (strongly disagree) to 5 (strongly agree). Items reflecting lack of control were reverse scored. Then, impulse score responses were summed for a total score with a potential range of 11 to 55, with higher scores reflecting greater impulse control. The Cronbach's alpha coefficient was .85 in this study.
Data Analysis
Path analysis was used to test hypothesized relationships among a combination of continuous (glycemic control, diabetes management, worry about hypoglycemia, impulse control, and hypoglycemia-related WCB) and ordered categorical (alcohol use, depressive symptoms) measures. All variables were observed; no latent variables or latent constructs were specified in the path model. Variables in path models can be classified as endogenous or exogenous. If a variable is specified as a dependent variable for any equation in the model, then it is classified as endogenous. If a variable is only used as an independent variable, it is exogenous. 39 In this study, the prespecified relationships tested in the model are delineated in the hypotheses and Figure 1 are tested. Depressive symptoms and impulse control were exogenous (ie, only used as independent variables), with all others being endogenous. Mplus software 40 was used to detect influential outliers, evaluate model fit, estimate and test path coefficients, and estimate and test indirect and total effects. Since one of the variables (alcohol use) was categorical, endogenous, and mediating, weighted least squares (WLSMV) estimation was used. Direct effects for alcohol use were estimated by MPlus using a probit regression. 40 Cook's distance 41 and log-likelihood influence 42 were used to identify influential observations. The adequacy of how the hypothesized relationships fit the data was evaluated by the following: chi-square P value ≥ .05, comparative fit index (CFI) > .95, root mean square error of approximation (RMSEA) < .06, and weighted root mean square residual (WRMR) ≤ 1.0 according to Hu and Bentler 43 and Yu. 44 Due to the exploratory nature of the model, modifications to the model were investigated using modification indices. The covariance matrix used for analysis was based upon all available subjects. There were 182 subjects available for analysis. One subject had missing data on the Beck Depression Inventory, leaving 181 subjects with complete data on all variables ultimately contributing to the analysis.
Results
Sample Characteristics
Characteristics of the 181 high school graduates with complete data on all variables are summarized in the following and presented in Tables 1 and 2 . On average, these emerging adults were 18.2 years of age (SD = 0.4), had been diagnosed with diabetes for 8.6 years (SD = 4.0), had a BMI of 25.4 kg/m 2 (SD = 4.0), and had an adjusted A1C value of 8.9% (SD = 1.67, range, 6.2%-14.2%). The great majority were white, with a little over half being female. Over half of these youth reported living with both parents in the same household and only a very small minority of their mothers and fathers had less than a high school education. A little over half were administering insulin via injections, the remainder using pumps. Only 12.7% of the sample was considered to have depressive symptoms (scores of 14 or greater), and 23.2% were involved in alcohol use. On average, subjects engaged in slightly more than 3 hypoglycemic WCB out of 6 possible (mean = 3.13, SD = 1.17, range, 0-6).
Model
The initial path model was specified to reflect the hypothesized direct effects. However, model fit was inadequate, and modification indices indicated that adding a path from diabetes management to worry about hypoglycemia would significantly improve model fit. Since the resultant feedback loop between fear of hypoglycemia and diabetes management is theoretically plausible (ie, poor diabetes management may lead to greater worry about hypoglycemia), a path from diabetes management to worry about hypoglycemia was added to the model. Figure 2 shows the unstandardized path coefficients for the revised model. With 22 estimated parameters, model fit was very good according to criteria discussed in the data analysis section: the chi-square value was 4.09 (df = 7, P = .769), a P value ≥ .05; CFI was 1.0, a value > .95; RMSEA was 0.0 (90% CI, 0-.063), a value < .06; and WRMR was .353, a value ≤ 1.0, all meeting criteria of a good fit or adequacy of explaining the hypothesized relationships with this sample's data.
The first hypothesis that greater worry about hypoglycemia will be directly associated with better diabetes management and subsequently with better glycemic control was supported (see Figure 2) . Better glycemic control, lower A1C values, were directly influenced by higher diabetes management scores (β 54 = −0.03, P = .002), which was directly influenced by worry about hypoglycemia (β 42 = 0.352, P = .023). However, although more worry led to better management, there was a feedback loop between worry about hypoglycemia and diabetes management with better management leading to less worry about hypoglycemic (β 24 = −0.44, P = .022). The second hypothesis that greater alcohol use will be directly associated with more worry about hypoglycemia and with poorer diabetes management was not supported (see Figure 2) . Use of alcohol led to less worry about hypoglycemia (β 23 = −2.89, P = .02); although this was significant, this negative relationship was opposite of the hypothesized positive relationship. In addition, use of alcohol was not significantly associated with poorer diabetes management (β 43 = −2.529, P = .053). However, the direction of the relationship was in the hypothesized direction, namely, alcohol use would lead to poorer diabetes management.
The third tentative hypothesis that greater involvement in hypoglycemic-related weight control behaviors will directly be associated with more worry about hypoglycemia and with poorer diabetes management was not supported (see Figure 2) . Hypoglycemic-related WCB was not significantly associated with diabetes management (β 41 = .810, P = .236) nor was it in the hypothesized negative direction. In addition, hypoglycemic-related WCB was not significantly associated with worry about hypoglycemia (ψ 12 = 1.637, P = .102); however, it was in the hypothesized direction. The fourth hypothesis was partially supported (see Figure 2) . Results did not support the hypothesis that more depressive symptoms will be directly associated with greater alcohol use. However, the results supported the portion of the hypothesis that having depressive symptoms resulted in higher levels of engagement in hypoglycemia-related WCB (γ 11 = 0.66, P = .008) and in more worry about hypoglycemia (γ 21 = 10.37, P < .001). Portions of the final hypothesis were supported (see Figure 2 ). Although less impulse control was not associated with greater hypoglycemic-related weight control behaviors (γ 12 = 0.024, P = .088), higher levels were associated with a lower likelihood of alcohol use (γ 32 = −0.05, P = .009) and better diabetes management (γ 42 = 0.79, P < .001). Also, the indirect effect from impulse control through diabetes management to A1C (coefficient = −0.02, P = .005) was statistically significant, supporting a mediated relationship, that is, higher levels of impulse control lead to better management, which leads to better A1C values. 
Discussion
The testing and development of this model expands existing understanding of how worry about hypoglycemia relates to diabetes management among emerging adults with type 1 diabetes. The identification of a negative feedback loop between worry about hypoglycemia and diabetes management in this model does not support the over-compensation theory that more worry about hypoglycemia will lead to poorer management. 1 Rather, in this path model, the indication that a negative feedback loop exists between hypoglycemia worry and diabetes management suggests that although greater worry about hypoglycemia leads to better diabetes management, better diabetes management tends to also allay worry about hypoglycemia. It is likely that an interplay occurs between self-assessment of diabetes management and potential consequences of those management behaviors for these youth in a period of greater freedoms 2 who rely more on themselves for diabetes management. 5 In addition, it is likely that better diabetes management, especially frequent blood glucose monitoring, provides information to confirm or assuage hypoglycemia worry. Further longitudinal studies are needed to validate these cross-sectional findings.
Two behaviors typically associated with this age group produced unanticipated findings in relation to worry about hypoglycemia. Use of alcohol, though associated with worry about hypoglycemia, was not in the anticipated direction; alcohol use was associated with less worry about hypoglycemia rather than more worry. It is difficult to speculate why this is the case given that little research has been conducted on alcohol use among youth with type 1 diabetes. It could be that personality characteristics of alcohol users, other than depressive symptoms and impulse control, are associated with less worry for those who use alcohol. Further, some may use alcohol to a degree that decreases hypoglycemia awareness, 14 and thus these youth could have less worry about hypoglycemia. Also in contrast to our hypothesis, hypoglycemiarelated WCB were not associated with worry about hypoglycemia. It is difficult to speculate about this finding given the paucity of evidence on WCB associated with hypoglycemia; most research has been done more broadly on disordered eating and eating disorders. 16, 17 The path model provided mixed support for hypothesized relationships among worry about hypoglycemia, typical youth behaviors, diabetes-specific behaviors, and glycemic control for emerging adults with type 1 diabetes.
First, in the model and consistent with existing evidence, 12 better glycemic control is associated with better diabetes management. Second, although it is reported that poor glycemic control is associated with alcohol use 7 and unhealthy weight control behaviors, 6 these findings suggest that hypoglycemia-related WCB and alcohol use may not be directly and independently associated with diabetes management nor indirectly with glycemic control. The minimal involvement in alcohol use in this sample likely contributed to its lack of association with management and glycemic control. In regard to WCB, the findings are mixed on the association between disordered eating and diabetes control, 16 implying that the association is more complex.
These findings also provide insight relative to personal characteristics in association with diabetes management, alcohol use, and hypoglycemia-related WCB among emerging adults with diabetes. Having significant depressive symptoms was associated with a higher level of hypoglycemia-related WCB, but not with alcohol use. These findings are consistent with evidence that depressive symptoms are associated with WCB among youth in general 20 and those with diabetes; 17 however, the findings are in conflict with evidence on the relationship of depressive symptoms to alcohol use. 19 The low number of participants who used alcohol and the low levels of depressive symptoms in this sample may have contributed to those different findings. In addition, having depressive symptoms was related to greater worry about hypoglycemia; this finding needs to be examined further in research. Higher levels of impulse control were associated with better diabetes management and in turn with better glycemic control. The relationship of impulse control to diabetes management is consistent with existing findings for emerging adults with diabetes. 24 Further, impulse control was associated with alcohol use, supporting our hypothesis; however, contrary to our other hypothesis, impulse control was not independently associated with hypoglycemia-related WCB. This is not consistent with identified associations between poor impulse control and risk-taking behaviors. 21 Limitations of this study need to be considered. First, the findings can only be generalized to similar youth with type 1 diabetes, that is, predominately white, living at home with 1 or both parents, and generally with less than optimal glycemic control according to American Diabetes Association's A1C goal of ≤ 7.5% for this age range. 45 Furthermore, this sample had low involvement in alcohol use, and only a small minority reported depressive symptoms, which is at the low end of the 15% to 35% of adolescents and emerging adults with diabetes self-reporting depressive symptoms. [46] [47] [48] [49] The low involvement in alcohol use and reporting of depressive symptoms could be because of one of the study's sampling criterion to exclude those with serious mental health illnesses that would interfere with independence. In addition, when comparing alcohol use rates, it needs to be kept in mind that these behaviors were asked in relation to the last 3 months, and thus the reported rates might have been lower than the yearly or ever-used rates reported elsewhere. However, the sample was obtained from different settings and thus reflects some diversity.
Until further research is conducted on diabetes-related and typical youth behaviors in association with worry about hypoglycemia, it is difficult to make suggestions for clinicians. However, clinicians are urged to assess impulse control since it is immature 21 during emerging adulthood and it is directly associated with diabetes management and indirectly glycemic control. Further, when working with emerging adults, clinicians are urged to be open to the possibility that greater worry about hypoglycemia can lead to better diabetes management as well as better management can also allay worry about hypoglycemia. Further, assessment of alcohol use and hypoglycemia-related WCB such as skipping meals is encouraged since they are known to be associated with hypoglycemia. 15, 18 Further research is suggested in this area. The findings of this study do not support the over-compensation theory, and longitudinal studies are needed to examine relationships among worry about hypoglycemia, diabetes management, and glycemic control. The findings also suggest that future research should include measures of both depression and impulse control when examining the complex relationships among worry about hypoglycemia, diabetes management, and glycemic control.
